A convenient and efficient approach to 2-arylamino-5-fluoroalkyl-1,3,4-oxadiazoles has been established via heterocyclization of tri-and difluoroacetylated thiosemicarbazides using dicyclohexylcarbodiimide. A heterocyclization performed with selected thiosemicarbazides under basic conditions led to 4-aryl-5-fluoroalkyl-2,4-dihydro-3H-1,2,4-triazole-3-thiones in moderate yields. The starting fluoroacetylated thiosemicarbazides were prepared by fluoroacetylation of benzyloxycarbonyl-protected hydrazine with a corresponding anhydride, followed by hydrogenolytic deprotection and reaction with arylisothiocyanates. Fluoroacetylated semicarbazides were prepared similarly, but all attempts to achieve their heterocyclization were unsuccessful.
Fluorine-containing heterocyclic compounds are widely applied as biologically active substances for the preparation of new drugs, agrochemicals, and materials with special properties. 1 The development of methods for stereoselective synthesis of diverse fluorinated N-heterocycles is also of current interest. 2 Among heterocyclic systems which attract great attention, an important class comprises 1,3,4-oxadiazole derivatives 3 including fluorinated examples. 4 Hydrazides of carboxylic acids (carbohydrazides) are known as versatile building blocks used for the preparation of heterocyclic compounds with diverse ring size. The target heterocycles can be synthesized starting either from substituted carbohydrazides or their derivatives, such as hydrazones, semicarbazides, thiosemicarbazides, etc.
5
A known method for the preparation of 1,3,4-oxadiazoles is the treatment of semicarbazides derived from carbohydrazides with sulfuric acid 6 or another acidic agent. Alternatively, 1,3,4-oxadiazoles can be obtained directly from carbohydrazides by the reaction with orthoesters. 7 Due to our continuing interest in the development of methods for fluoroalkylation and the synthesis of fluorinated heterocycles, 8 we focused attention on the exploration of the relatively little known tri-and difluoroacetyl hydrazides 1a,b as potential precursors for the preparation of fluorinated 1,3,4-oxadiazoles. The method selected for the synthesis of the latter was heterocyclization of semicarbazides of fluorinated carbohydrazides using sulfuric acid. In addition, analogous heterocyclizations could be performed starting with thiosemicarbazides and selenosemicarbazides.
Typically, the access to carbohydrazides is based on the reaction of the corresponding carboxylic esters with an equimolar amount of hydrazine hydrate. 5 In our case, the treatment of methyl trifluoroacetate with 1.0-5.0 equivalents of hydrazine hydrate in methanolic solution led to bis(trifluoroacetyl)hydrazine (2a) as a single product (Scheme 1). Its structure was confirmed by the ESI-MS registered for the crude product, which displayed a single signal for m/z 223. Increasing the excess of hydrazine Chemistry of Heterocyclic Compounds 2016, 52(2) , [133] [134] [135] [136] [137] [138] [139] Efficient synthesis of tri-and difluoroacetyl hydrazides as useful building blocks for non-symmetrically substituted, fluoroalkylated 1,3,4-oxadiazoles ethyl orthoacetate and catalytic amounts of p-TsOH, but in this case, a complex mixture of unidentified products was formed. Similarly, treatment of compound 6a with concd. H 2 SO 4 led to the same result. Finally, the reaction of thiosemicarbazides 6g-j with DCC in boiling THF afforded selectively 2-amino-1,3,4-oxadiazoles 7a-d in excellent yields (Scheme 2, Table 2 ). Analytically pure products were isolated after flash column chromatography. Their structures were established by means of spectroscopic methods. For example, the 13 C NMR spectrum of compound 7a revealed a singlet for the C-2 atom at 161.7 ppm and a quartet for the C-5 atom with 2 J CF = 42.9 Hz at 147.9 ppm. The characteristic quartet with 1 J CF = 268.1 Hz at 116.8 ppm was attributed to the CF 3 group. In addition, the 19 F NMR spectrum showed the signal of the CF 3 group at -64.6 ppm. hydrate to 1:10 or 1:20 resulted in a mixture of comparable amounts of compounds 2a and 1a or in the exclusive formation of compound 1a, respectively. Apparently, the initially formed compound 1a reacts rapidly with the starting ester yielding bis-adduct 2a as the final product. The formation of the analogous product 2b was observed using methyl difluoroacetate in the reaction with hydrazine hydrate. In the course of the attempted synthesis of compound 1a, the tested protocol with 20-fold excess of hydrazine hydrate was practically useless, as the expected product could not be efficiently separated from the excess of hydrazine hydrate. In the light of the presented results, the reported syntheses of compound 1a from trifluoroacetates and hydrazine hydrate used in nearly equimolar amounts seem to be non-reproducible protocols.
9 However, instability of compound 1a was observed during the storage of the isolated product already at room temperature. 9a For that reason, the Boc-and Cbz-protected hydrazines 3a and 3b, respectively, were prepared and converted into the N-protected non-symmetrical tri-and difluoroacetyl hydrazines 4a-c by treatment with tri-or difluoroacetic anhydride (Scheme 2). Similar approaches for the synthesis of compound 1a based on the application of N-Bocprotected hydrazine have been only rarely reported.
10
However, the attempted deprotection of the Bochydrazide 4a performed typically by treatment with trifluoroacetic acid in CH 2 Cl 2 at 0°C or with HCl in dioxane at 0°C yielded exclusively the symmetrical product 2a. On the other hand, hydrogenolysis of compounds 4b and 4c over Pd/C in THF at room temperature afforded the desired tri-and difluoroacetyl hydrazides 1a and 1b, respectively, as the sole products (Scheme 2). In the case of compound 1a, the attempted isolation led again to its conversion into the symmetrical diacylhydrazine 2a. Therefore, freshly prepared compounds 1a and 1b in THF solution were treated with isocyanates, isothiocyanates, and isoselenocyanates 5 (X = O, S, Se, respectively, Scheme 2). The most reactive isocyanates 5a-d formed the expected semicarbazides 6a-f in high yields (Scheme 2, Table 1 ). Similarly, aromatic isothiocyanates 5e-h gave thiosemicarbazides 6g-j in good yields, and only in the case of the less reactive cyclohexylisothiocyanate the corresponding products 6k and 6l were formed in low yields and could not be isolated in pure form. Finally, the attempted reactions of compounds 1a,b with phenyl isoselenocyanate led to blackcolored, complex mixtures of unidentified products.
First experiments aimed at the preparation of fluorinated 1,3,4-oxadiazoles were performed with compound 6a using Scheme 2 * Symmetrical N, and N,N'-bis (difluoroacetyl)hydrazine (2b) were formed as by-products, and separation of these mixtures could not be achieved. The yields of compounds 6k and 6l were estimated based on the registered 19 F NMR spectra and the calculated ratios of 6k/2a and 6l/2b, respectively. It is worth mentioning that an efficient method to obtain 2-amino-1,3,4-oxadiazoles comprises the reaction of thiosemicarbazides of type 6g-l or analogous with TsCl and pyridine. 11 In some cases, the same product could be obtained from the corresponding semicarbazide, albeit in significantly lower yield and after longer reaction time. The reported formation of compound 7a as the exclusive product was confirmed also in our laboratory.
In an extension of the study, fluorinated thiosemicarbazides 6g and 6j were heated in an aqueous solution of NaOH (2%), and 1,2,4-triazole-3-thiones 8a and 8b, respectively, were obtained in moderate yields (Scheme 2). This observation confirms the behavior of thiosemicarbazides under basic conditions. 12 Again, the attempted cyclization of the corresponding semicarbazides 6a-f (X = O) under analogous conditions was unsuccessful.
The present study has shown that, in addition to other methods for the preparation of 2-amino-1,3,4-oxadiazoles based on the heterocyclization of semicarbazides, the corresponding thiosemicarbazides, including fluorinated derivatives, can also be used for this purpose. The heterocyclization of fluorinated thiosemicarbazides can be efficiently performed using DCC as the activating and H 2 Sbinding reagent. This protocol supplements the already reported method with p-TsCl and pyridine in THF solution.
11 According to our observation, yields of the final products are comparable in both methods. However, the elimination of pyridine (or triethylamine) as an additional component of the reaction mixture can be considered as an advantageous feature of the present protocol. In both procedures, the heterocyclization occurs chemoselectively via the conversion of the more nucleophilic C=S function into a good leaving group and the subsequent nucleophilic attack of the oxygen atom leading to 2-amino-1,3,4-oxadiazoles as the final products. This type of chemoselectivity is preserved also in thiosemicarbazides containing an electron-deficient R F CO group. Another method for the synthesis of symmetrical 2,5-bis-(perfluoroalkyl)-substituted 1,3,4-oxadiazoles from 1,2-diacylhydrazines, prepared stepwise by twofold acylation of hydrazine, is the cyclization by treatment with POCl 3 as activating and dehydrating agent.
9b This approach can be considered as a pioneering method for the synthesis of 1,3,4-oxadiazoles. 13 The presented method for the preparation of fluorinated 2-amino-1,3,4-oxadiazoles requires an efficient access to fluorinated monoacetylhydrazines. Our study showed that they can be synthesized from Cbz-protected hydrazine and the corresponding fluorinated acetanhydrides. After the deprotection, the obtained carbohydrazides have to be reacted immediately with isocyanates or isothiocyanates to give the required semicarbazides and thiosemicarbazides, respectively. Otherwise they undergo spontaneous disproportionation yielding symmetrical 1,2-diacylhydrazines, which are of limited importance for further applications.
Experimental IR spectra were recorded on a NEXUS FT-IR spectrophotometer in KBr pellets. The 1 H, 13 C, and 19 F NMR spectra were recorded on a Bruker Avance III 600 spectrometer (600, 150, and 565 MHz, respectively) in DMSO-d 6 , using the solvent signal as reference (2.50 were obtained according to the known protocols. Synthesis of the symmetrical 1,2-bis(trifluoroacetyl)-hydrazine (2a). Ethyl trifluoroacetate (142 mg, 1.0 mmol) was added dropwise to the solution of hydrazine hydrate (50 mg, 1.0 mmol) in MeOH (~5.0 ml). The reaction mixture was stirred over 1 h at room temperature. Next, the solvent was evaporated, and the solid product was recrystallized from EtOH. Yield 160 mg (71%), mp 173-175°C (EtOH) (mp 176°C 9b ). IR spectrum, ν , cm Reactions of protected hydrazines 3a,b with fluorinated acid anhydrides (General method). A solution of BocNHNH 2 (3a) (3.0 mmol, 498 mg) or CbzNHNH 2 (3b) (3.0 mmol, 396 mg) in anhydrous CH 2 Cl 2 (~30 ml) was placed in an ice bath (~0°C). Next, triethylamine (4.5 mmol, 455 mg) was added, and after ca. 20 min, the appropriate fluorinated anhydride (3.2 mmol) was added dropwise while cooling the reaction flask in an ice bath. The reaction mixture was stirred at room temperature for 2 h. Then the solvent was evaporated, and the crude products were purified by column chromatography (SiO 2 , hexane-AcOEt, 1:1). Analytically pure samples were obtained after crystallization from an appropriate solvent.
tert-Butyl 2-(trifluoroacetyl)hydrazinecarboxylate (4a). Yield 608 mg (89%), colorless crystals, mp 129-131°C (Et 2 O-hexane) (mp 130-132°C 10a ). IR spectrum, ν , cm 19; H 4.13; N 11.47 .
Preparation of fluorinated acid hydrazides via hydrogenolysis of N'-(benzyloxy)carbohydrazides 4b,c and their reactions with isocyanates and isothiocyanates (General method)
. A portion of the catalyst (10% Pd/C (60 mg)) was added to a solution of the CBz-protected carbohydrazide 4b,c (2.0 mmol) in anhydrous THF (~50 ml). Next, the reaction flask was equipped with a septum, a long syringe, and a balloon filled with hydrogen. Progress of the reaction was monitored by TLC (SiO 2 , hexane-AcOEt, 1:1), and as soon as the reaction was finished, the solution was filtered through a Celite pad. Next, the appropriate isocyanate 5a-d or isothiocyanate 5e-h (2.2 mmol) was added dropwise to the filtrate while cooling the reaction flask in an ice bath (~0°C). The mixture was stirred overnight at room temperature. After evaporation of the solvent, the crude products were purified by column chromatography (SiO 2 , hexane, then with increasing amount (40-90%) of AcOEt in hexane). Semicarbazides 6a-f and thiosemicarbazides 6g-j were obtained as amorphous solids by trituration with Et 2 O. 
N-Phenyl-2-(trifluoroacetyl)hydrazinecarboxamide (6a

